A multi-residue screening method was developed for the determination of 18 pesticides in fresh fruits, vegetables and unpolished rice by supercritical fluid extraction (SFE), cleaned up with cartridge columns, and liquid chromatography-mass spectrometry with electrospray (LC/MS (ESI)). Comparing with our previous method, the number of fraction at purification was reduced to one fraction in order to reduce the preparation time, and detection limit and recovery value of almost pesticides were improved. The detection limits of the 18 pesticides were 0.04-148 ng/g in sample. Furthermore, in case of crops including many interfering peaks by UV detection, using a LC-MS (SIM) significantly improved the quantitative and qualitative analyses with less interfering peaks than UV detection.
INTRODUCTION
The multi-residue analysis is useful for a screening examination of pesticides, because the official methods for pesticide analysis based on the Japanese Food Sanitation Law are mostly individual analysis. We have previously reported that the screening method for 27 pesticides in fruits and vegetables extracted with supercritical fluid extraction (SFE), cleaned up with cartridge columns and then measured by HPLC with a UV detector. 1) However, the chromatograms of some crop samples have many interference peaks. Therefore, the target pesticides peaks need to be separated from the interference peaks by a LC column or other specific detectors, such as a fluorescence detector, an electron conductivity detector, and a mass spectrometer. Furthermore, there are some problems of this method including time consuming step such as dividing the eluate into three fractions to reduce the interfering substances, and the samples of some crops still have many interfering substances.
Recently, liquid chromatography-mass spectrometry (LC-MS) has been applied to biological samples, such as vitamins, pigments, medicine, endocrine-disruptors, food additives, antibiotics and so on.
2) It is well known that LC-MS detection has less interfering peaks than UV detection, because LC-MS can detect a specific m/z of a target compound. Concerning pesticide residue analysis, only a few attempts were made for multi-residue analyses by LC-MS except for the N-methylcarbamates, 3, 4) and the almost pesticide residue analyses by LC-MS were reported as individual analyses.
In this report, the multi-residue screening method for pesticides regulated in Japan is developed using SFE and LC-MS. The aim of this study was to establish a more simplified method based on previous our method for pesticide residues except for Nmethylcarbamates in vegetables, fruits and unpolished rice using LC-MS, and to mention the problems on the LC-MS determination. Pesticide Standards: Pesticides standards were purchased from Wako Pure Chemical Industries, Co., Ltd. Each stock solution was prepared at 1.0 mg/ml in acetonitrile. Standard working solutions of various concentrations were prepared by appropriate dilution of acetonitrile.
MATERIALS AND METHODS

Apparatus
Sample Preparation and Analysis ---
Extraction: Commercially purchased cucumber, potato, apple, radish, banana and unpolished rice served as the blank or spiked sample. Five grams of the homogenized sample, 1 g of Celite and 1 g of Arasorb S-310 polymer were mixed well with a glass rod. To completely granulate the mixture, a bit of Celite was added to it and mixed well. Since cereals are less water content, Celite and Arasorb were unnecessary at the assay of rice. Thereafter, the mixture was packed into the extraction vessels. For the fortified samples, the pesticide mixture was added to the sample in the vessel. The pesticides which were extracted by SFE were trapped with the column layered with Extrelut ® NT and Bond Elut ® C 18 . Powder of unpolished rice was extracted by SFE without the water-absorbent polymer, 5) and the extracts from SFE were trapped in the same manner (Extrelut ® NT and Bond Elut ® C 18 ). Purification: The column trapping the pesticides was removed from the SFE instrument, the pesticides were eluted with 40 ml of acetonitrile, and the eluate was evaporated to dryness. The residue was dissolved in 2 ml of n-hexane, and then applied to the Bond Elut ® PSA over Sep-Pak ® Florisil columns connected in tandem.
After rinse with n-hexane, the pesticides were sequentially eluted from these cartridges with 50 ml of 50% acetone/n-hexane. The eluate was evaporated to dryness. The residue was dissolved and filled up to exactly 1 ml with acetonitrile, and the sample was measured by electro spray ionization (ESI) mode of LC-MS QP8000.
Optimization of LC-MS Parameters: Eighteen pesticides were separated by reverse phase chromatography using water-acetonitrile gradient. To determine the proper voltage condition of LC-MS, the target pesticides were measured by both negative and positive mode with various voltages by a flow injection. The LC-MS conditions were shown in Table 1 .
RESULTS AND DISCUSSION
LC-MS Condition
The LC condition during the LC-MS measurement was the same as in our previous report.
1) The ionization on LC-MS was performed by ESI, the moderate ionization way. Since almost mass spectra of target pesticides by LC-MS (ESI) were simple and have one peak (molecular ion), both qualitative and quantitative analyses could be done by selected ion monitoring (SIM). We tried to apply the 27 pesticides, examined by LC (UV) analysis in our previous report, to LC-MS. The result of the experiment was that the 18 pesticides could be measured by LC-MS and the proper determination mode in polarity (negative or positive) was that pesticides Nos. 1-14 were measured by positive mode and Nos. 15-18 were done by negative mode (see Table 1 ). The QP-8000 could not change the polarity of the during data acquisition, therefore they were individually measured by each polarity. Every pesticide had different suitable voltage value in the MS condition, however, it is difficult to measure the pesticides using the plural voltage at the same time. The reason for this was that each peak was not perfectly separated and the each pesticide of overlapped peaks had different suitable voltage value, so that such pesticides could not measured by same voltage conditions. Therefore, two methods of positive mode and one method of negative mode were utilized. Table 2 shows the target m/z values and limit of detection in sample by LC-MS. The LC-MS chromatograms of the standard pesticides are shown in Fig. 1 . The amount of the pesticides, Nos. 3, 5, 6, 9, 10, 12, 13 and 14, were lower than the amount in our previous report, because these were high sensitivity in the LC-MS measurement. Especially, about imazalil in Table 2 , LC-MS had approximately a 20 times greater sensitivity than HPLC (UV).
Cleanup
Pesticides trapped in the column were eluted with 40 ml of acetonitrile and the eluate was purified using Sep-Pak ® Florisil and Bond Elut ® PSA column. In our previous method, carrot, onion and orange included many interfering substances, and spiked pesticides in such crops could not be determined by HPLC (UV). In MS detection, since a specific m/z of the target compound is set, the pesticides can be detected even if there are overlapped interfering peaks.
Recovery Test from Agricultural Products
In this study, rice was also added as target agricultural products. The recoveries of 18 pesticides added to 2.5 µg (0.1 µg/g equivalency) or 12.5 µg (0.5 µg/g equivalency) in six agricultural products are shown in Table 3 . The recoveries were greater than approximately 60%. Especially, the recoveries of imazalil were considerably improved compared with our previous study. The recovery ranges of almost target pesticides were within 60-140% of an acceptable range as screening method except for buprofezin in the all crops, myclobutanil in cucumber and banana, tebufenozide in rice and fenpyroximate in cucumber and rice. The range of standard deviations (SD) of almost pesticides was 10-15%, however some of them were exceeded 20%. Generally, SD values of LC-MS were greater than that of UV. It was postulated that the phenomenon was resulted from variation of the ionization coefficient, which was influenced by interfering substances from crops or maintenance condition of MS instrument. In conclusions, in this report, the multi-residue screening method for pesticides regulated in Japan is developed using SFE and LC-MS. The recovery ranges of almost target pesticides were within 60-140% of an acceptable range as screening method except for some cases. The limits of detection of the target pesticides by developed method were from 0.04 ng/g for imazalil to 148 ng/g for diflubenzuron Table 3 . When measuring pesticides in crops including many interfering peaks by UV detection, using the LC-MS (SIM) significantly improved the quantitative and qualitative analyses. However, sufficient maintenance of the LC-MS instrument was required in order to obtain reproducible results.
Consequently, this report could improve the drawbacks of previous report, such as long preparation time and overlapped interference peaks with target pesticides.
